REPORT Of CASE
A 6-year-old female patient (at present 12-year-old)
Family history: The parents were not related. The father aged 43 years had slight mental retradation (I.Q. 75-80) and ocular defects such as microphthalmia, cataract, rotatory nystagmus and coloboma of the optic disc, but no bone diseases. The mother aged 41 years seemed to be normal. They had 6 children, out of which 2 had already died (the eldest sister died of pneumonia at 50 days of age and the third sister, one of the twins, of acute dyspepsia at 9 months of age). The second sister, another one of twins, seemed to be normal but the fifth brother aged 6 years had also a slight low I.Q. (79) and an ocular defect such as coloboma of the optic disc without showing any bone diseases.
Past history:
She was born on Jan. 11, 1958 with normal delivery. Her birth weight was unknown.
Since her birth, she lost her vision. Her physical development was so markedly delayed that she was unable to walk even at 3 years of age.
At the age of 3 years, she suffered from pyelonephritis and was treated with antibiotics.
In spite of vigorous therapy, pyelonephritis was not cured but rather became worse.
Finally she was admitted to our clinic at the age of 6 years 2 months , because of pyrexia and anorexia.
Physical examination on admission (at 6 years of age , March, 1963) : She was malnourished, weighing 11.9kg (normal value for the girl of the same age 16 .56kg) and markedly dehydrated (Fig. 1) .
The face looked plae and she had typical blindness with sunken eyeholes. There was neither microcephalus nor other abnormalies of the head. The chest was normal. The abdomen was not distended, but the liver and spleen were not palpable.
The extremities were normal and no pathologic reflexes were elicitied.
Laboratory studies on admission: The tuberculin and Wassermann's reactions were negative. Erythrocyte sedimentation rate was accelerated, being 49mm per hour . The erythrocyte count was 4,650,000,mm3, hemoglobin 13.4g/100ml and hematocrit 40% . The leucocyte count was 8,000/mm3, consisting of 18% lymphocytes , 3% monocytes and 79% neutrophils (23% non-segmented neutrophils). Urinalysis indicated slight positive reaction for protein (50mg) and negative reactions for sugar and urobilinogen . Micro scopic examination of the urinary sediments showed a markedly increased number of white cells and slightly increased red cells. The quantitative culture of the urine showed the presence of 14,720,000 coli bacilli per milliliter of the urine. In ocular examinations, phthisis bulbi (leucoma corneae, complicated secondary cataract and shrinkage of the eye balls) were demonstrated. (At the age of 1 year, her ocular coodi nation had suggested retrolental fibroplasia) E.E.G. revealed independently or synchro nously appearing sporadic bursts of multiple spikes and wave complex in both the occi pital regions or dominantly in the right occipital region.
The evaluation of intelligence by Gesell developmental diagnosis was impossible owing to her blindness.
However, her behavior was so markedly delayed that she could neither speak nor walk even at the age of 6 years.
Clinical course after admission: After admission, her general condition was fairly improved by the therapy, but pyelonephritis was not cured until she was discharged from the hospital in July, 1965.
The serum phosphorus level remained low throughout her hospitalization, alkaline phosphatase level gradually increased (17.3 Bodansky units 5 months after admission) and finally rickets appeared on the roentgenogram of the bones (Fig. 5) . Rickets became so severe (10 months after admission) that fracture of the left femur occurred (1 year 6 months after admission).
In January 1965, vitamin D was begun to be given orally in a daily dose of 2,000LU. in addition to antibiotics for pyelonephritis.
After that, rickets was almost cured (Fig. 6 ).
Rickets with Precocious
Puberty , Mental Retardation and Phthisis Bulbi 13 Since July 1966, the quantitative culture of the urine became negative for microorganisms, showing that pyelonephritis was almost completely cured 6 years after the commencement of the therapy. The healing was confirmed histologically on the biopsy specimen obtained on March 15, 1968. The renal function tests at that time remained slightly impaired, showing the following results: G.F.R., 77ml/min/1.48m2, R.P.F., 336ml/min/1.42m2, R.B.F., 611ml/min/1.48m2, F.F., 0.23, P.S.P. test 10% in 15min, concentration test, 1,022 of maximum specific gravity and osmolar clearance 0.99ml/min (Table 1) .
In August 1966, vitamin D was discontinued as a trial, in order to examine whether rickets will appear again or not. In December 1966, she was found to be suffering from severe rickets again, showing low level of phosphorus (3 .2mg/100ml) and elevated alkaline phosphatase (142K.A .U.), in spite of complete healing of chronic pyelonephritis (Fig. 6 ). And further, it was confirmed that , vitamin D in a dose of 400I.U. per day was not enough to prevent the occurrence of rickets . A single large dose of vitamin D, 600,000 units which were divided into six doses of 100,000 units was given orally at two hour interval by the method of Harrison.27 Two weeks later, serum calcium and phosphorus levels increased to normal, alkaline phosphatase level markedly decreased approaching to normal level (Fig. 7) and roentgenogram of the bones revealed healing figures of the rickets. Rickets was almost healed 4 weeks later (Fig. 8) . The sensitivity of rickets in our patient to vitaimin D in such a manner as mentioned above undoubtedly indicated that the rickets was not vitaimin D refractory but of deficiency type. However, rickets became severe again after one month and a single dose of vitamin D, 600,000 unitswas again given orally. The therapy was repeated twice without obtaining permanent remission. At present, the pateint is under vitamin D therapy in a daily dose of 5,000-10,000I.U.
On the other hand, breast enlargement and pubic hair were noticed at the age of 7 years (1965) and menarche, at the age of 9 years, indicating that she was suffering from precocious puberty (Fig. 9) . In March 1968, an operation for sterilization and to stop the menstrual cycle (extirpations of the uterus and left side ovary) was performed at the parents' strong desire. At operation, ovarian tumors etc. were not detected, precocious puberty of gonadal and adrenal origin22 being denied. Scintigram of the thyroid was enlarged and radioactive iodine (131I) uptake indicated abnormally high value of 95%, while 131I triosorb resin sponge uptake was within normal limits (3.1%). After operation, 131I uptake became normal (April, 1968) .
Standard test of growth hormone secretory capacity based on radioiinmnoassay after insulin induced hypoglycemia indicated that the function of hypophysis of the patient was normal (Table 2) . Studies for the cause of rickets: As mentioned above, severe rickets in our patient was considered to be not the vitamin D refractory type but the ordinary deficiency type. Therefore, investigations of the cause of rickets were of special interest, and the following studies were performed. 2) Urinary excretion of phosphorus.
% TRP measured prior to start of vitamin D therapy (July 1964) was 75%, suggesting that there might be hyperphosphaturia or decreased tubular reabsorption of phosphorus, which will be responsible for the occurrence of rickets. However, % TRP, 24-hour phosphate clearance and _??_ which were measured later (after administration) were all within normal limits.
3) Ammonium chloride loading test (Table 3) . Ammonium chloride loading test was performed to differentiate the disease of the patient from renal tubular acidosis. As shown in Table 3 , the relationship of the blood pH and carbon dioxide level to the urinary pH of the patient seemed to differ not significantly from that of normal subjects , even with ammonium chloride loading for 5 days. The unirary pH decreased to 5.15 being accompanied with markedly advanced acidosis (pH: 7.255) on the third day of the loading . And surprisingly, acidosis returned to normal (7.397) on the fifth day of the loading. These results are against to those of renal tubular acidosis.
4) Amino acid analysis of the serum and urine by an automatic amino acid analyzer.
As shown in Table 4 , there was neither hyperaminoaciduria (75mg per day at the age of 10 years) nor hyperglycinuria, although increased urinary excretions of hydroxyproline and proline, which indicated increased bone destruction, were demonstrated. 3) Ocular defects of our patient was diagnosed as phthisis bulbi (leucoma corneae, complicated with secondary cataract and shrinkage of the eye balls) at the present age, while cataract, glaucoma and hydrophthalmus have been commonly observed in Lowe's syndrome. 4) In our patient, pathologic changes of renal biopsy specimen obtained at the age of 6 years were a picture of chronic pyelonephritis and those at the age of 10 years, that of complete healing of pyelonephritis without showing any ab normalities. However, it has been reported11 that in Lowe's syndrome the serial biopsy findings clearly indicate progressive morphologic changes, despite of good control of acidosis, etc. 5) Our patient had normal reflex even at the present age of 11 years , while Lowe's syndrome always showed hyporeflex. 6) Muscular hypotonia, hyperaminoaciduria and cri cerebri , which have been also considered to be characteristic findings of Lowe's syndrome , were not observed in our patient.
On the other hand, McCune and Bruch ,is and Albright et al.ls in 1937 des cribed girls with a syndrome in which precocious puberty was associated with areas of increased skin pigmentation and disseminated areas of osseous rarefaction (McCune-Albright syndrome).
The bone lesions in the syndrome, which often lead to pathologic fractures and deformities, are not associated with any ab normality of calcium or phosphorus metabolism and have been best termed `polyostotic fibrous dysplasia .'
In our patient, however, the bone lesions associated with precocious puberty
were not fibrous dysplasia but rachitic changes associated with clacium and phosphorus metabolism and there were no areas of increased skin pigmentation.
From the symptoms the pathogenesis of rickets in our patient was of special interest. In our patient, hyperphosphaturia was considered to play an importa nt role in occurrence of rickets , because % TRP measured prior to vitamin therapy was 75%. And so, the etiology of hyperphosphaturia should be discussed .
2) Our patient indicated no metabloic acidosis and no reduction of urinary NH, x 100 ammonia excretion.
The value of tit ratable acidity + NH3 was 93 on normal diet and 79 on 5 days after ammonium chloride loading.
On the other hand, Lowe's syndrome has been reported to have metabolic acidosis and diminished renal produc tion of ammonia as the characterisitic findings of the syndrome.
Our patient had suffered from chronic pyelonephritis which continued for 6 years (from 3 years to 9 years of age). And it has been said that chronic pyelo nephritis might have a possible role in the pathogenesis of renal tubular acidosis , which often causes severe rickets .24,25 On first admission, therefore, it was assumed that pyelonephritis was so severe and longstanding in our patient that renal tubular acidosis might have caused rickets . However, our patient indicated no acidosis. And rickets was not entirely cured and vitamin D in a dose level of 5 ,000I.U. per day was necessary to maintain therapeutic effects , in spite of the fact that pyelo nephritis had been completely cured bacteriologically and histologically at the age of 9 years. Ammonium chloride loading test indicated that the relationship of the blood pH and carbon dioxide level to the urinary pH of the patient did not differ significantly from those of normal subjects, even after 5 days of ammonium chloride loading. These results were apparently against those of renal tubular acidosis. Such a type of rickets also has been observed in Lowe's syndrome. Abbassi et al.2 stated that rickets in Lowe's syndrome was neither certainly the result of a lack of normal amounts of vitamin D, since the majority of patients even with floride rickets had received normal maintenance dose of vitamin D, nor due to resist ance to vitamin D, because vitamin D in doses as low as 1,500LU. per day, when given along with supplements of alkali, can prevent the development of rickets or cure rickets already present. They concluded that acidosis, organic aciduria, dis turbed Ca and P metabolism resulting from the renal tubular defect and hyper parathyroidism, etc. might not be the cause of rickets or it is not clear whether they played an important role in the occurrence of rickets. 
